Sporis, G, Vucetic, V, Jovanovic, M, Jukic, I, and Omrcen, D. Reliability and factorial validity of flexibility tests for Team Sports. J Strength Cond Res 25(4): 1168-1176, 2011-The main goal of this method paper was to evaluate the reliability and factorial validity of flexibility tests used in soccer, and to do crossvalidation study on 2 other team sports using handball and basketball players. The second aim was to compare the validity of the different tests and evaluate the flexibility of soccer players; the third was to determine the positional differences between attackers, defenders, and midfielders in all flexibility tests. One hundred and fifty (n = 150) elite male junior soccer players, members of the First Croatian Junior League Teams, and 60 (n = 60) handball and 60 (n = 60) basketball players also members of the First Croatian Junior League Teams volunteered to participate in the study, tested for the purpose of crossvalidation. The SAR and V-SAR had the greatest AVR and ICC. The within-subjects variation ranged from between 0.3 and 3.8%. The lowest value of CV was found between the LSPL and LSPR. Low to moderate statistically significant correlation coefficients were found among all the measured flexibility tests. It was observed that the greatest correlations existed between the SAR and V-SAR (r = 0.65) and between the LLSR and LLSL (r = 0.56). Statistically significant correlations were also observed between the BLPL and BLPR (r = 0.62). The principal components factor analysis of 9 flexibility tests resulted in the extraction of 3 significant components. The results of this study have the following implications for the assessment of flexibility in soccer: (a) all flexibility tests used in this study have the acceptable between and within-subjects reliability and they can be used to estimate the flexibility of soccer players; (b) the LSPL and LSPR tests are the most reliable and valid flexibility tests for the estimation of flexibility of professional soccer players.
INTRODUCTION

M
any authors offer the definition of flexibility as a motor skill that provides body motion with an absolute range of movement in a joint or series of joints that is attainable in a momentary effort, with the help of a partner or a piece of equipment (1, 2, 9, 10, 15, 19) . There is no doubt that an appropriate level of flexibility is necessary to ensure better life quality, and optimal performance in competitive sports (6, 11, 14, 21) . Regardless of achieving great flexibility as a fundamental motor skill in some sports requirements (rhythmic gymnastics, artistic gymnastics, and figure skating), today flexibility is recognized as a valuable part of an athlete's physical fitness program for the purpose of injury prevention, better and efficient performance, or a faster and safer rehabilitation (9, 12, 14) . Static flexibility provides a reduction of muscular tension and reduces muscular excitation (4-6) flexibility, as a means of injury prevention, and has been the topic of many scientific publications. Studies show many contradictory conclusions. Gleim and McHugh (11) reviewed 18 studies of the connection between flexibility and injury prevention, and they concluded that there is not enough empirical evidence that confirms the common belief that flexibility reduces injury rate. Herbert and Gabriel (14) did not find any statistically significant difference (p = 0.61) in the decrease of injury risk of 5%. Despite the lack of affirmative scientific studies in flexibility benefits as a means of prevention (5, 12, (22) (23) (24) , it is often used precisely for this purpose. In order to reflect positively on the prevention of injuries, flexibility should be developed and maintained with the help of accurately determined methods in particular time points specific moments of the athlete's multiannual periodization (10, 11, 13, 15) . Also, it should be developed by applying such a volume and intensity of training that is appropriate for each individual athlete's needs. as well as the needs of a specific sport (3, 4, 11) . In order to have an appropriate assessment tool necessary to estimate the state of flexibility in a specific joint or group of joints as well as in a particular topological region, this paper focuses on the evaluation of reliability and factorial validity of flexibility tests for soccer players. Hence the purpose of this research was to evaluate the reliability and factorial validity of flexibility tests used in soccer and to perform the cross validation study on two other team sports team handball and basketball. The second goal was to compare the validity of different tests and to evaluate the flexibility of soccer players, while the third was to determine the positional differences between attackers, defenders and midfielders in all flexibility tests.
METHODS
Experimental Approach to the Problem
Soccer coaches mostly use field tests to monitor routinely an athlete's adaptations to the training programs and for the talent selection purpose as well. Flexibility tests are often done indoors. In sport, flexibility is hypothesized to be a major factor contributing to skilled performance but was rarely tested. A player in soccer, handball, and basketball needs a special degree of flexibility necessary to perform is specific to demands of the sport and body characteristics. Adequate flexibility may be the best prevention for muscle and connective tissue injuries. In the previous studies, the reliability of flexibility tests was calculated from a sample of mostly college students, not soccer players. The questions that need to be addressed are the following: Are these tests reliable and valid, and which tests are the most valid for evaluating the flexibility of soccer players? Most important, could this test be done outside (on a soccer court) and be reliable and valid? The results of this method paper are mainly going to be focussed on reliability and validity of flexibility test gain on soccer players. Results gained on handball and basketball players are going to be used for the purpose of crossvalidation. For this purpose, the subjects participating in the study took different flexibility tests, and statistical analyses were conducted to assess the reliability and factorial validity of the tests. The study was financed by the Croatian Football Federation and the Faculty of Kinesiology, University of Zagreb, Zagreb, Croatia.
Subjects
A hundred and fifty (n = 150) elite male junior soccer players, members of the First Junior League Team, volunteered to participate in the study. Twenty-five of the subjects were also members of the Junior Croatian National Team, and the remaining players played in 12 clubs, members of the First Croatian Junior League. For the purpose of crossvalidation study, 60 (n = 60) handball and 60 (n = 60) basketball players also members of the First Croatian Junior League Teams volunteered to participate in the study. All the participants provided a written consent after being informed of the test protocol, but not of the aim of the study. The protocol of the study was approved by the Ethical Committee of the Faculty of Kinesiology, University of Zagreb, and according to the revised Declaration of Helsinki. The sample comprised 36 defenders, 84 midfield players, and 32 forwards with all the goalkeepers excluded. The main characteristics of the sample are presented in Table 1 .
Procedures
The study was carried out in 2 phases: at the beginning of the 2006/2007 summer preparations and at the beginning of the 2006/2007 competitive season. It was a 2-week testing period in both phases, and it was done by experienced professionals, members of the Sport Diagnostic Centre at the Faculty of Kinesiology. Every day, the testing was carried out in a different club. It always began at 10 AM and finished by 1 PM. All the testing of soccer players was done outside on the soccer court.
Handball and basketball players were tested indoors. Every player was instructed and verbally encouraged to give his maximum. During the testing period, the air temperature ranged from 25 to 27°C. Before being tested, the players did a general warm-up and lightly jogged 5-7 minutes around the pitch. They also did a 5-minute static stretching. The purpose of the warm-up was to increase the heart rate, blood flow, core temperature, and respiration. The warm-up was followed by a dynamic flexibility exercise, which lasted 7-10 minutes. It was used for its positive effect, because it improves a player's coordination, balance, proprioception, and movement speed. After the dynamic flexibility exercise, the players performed 10 5-m sprints, followed by 10-m sprints. All 9 tests were carried out in 3 trials. Tests on soccer players were done outside on the soccer court. Tests done on handball and basketball players were done indoors. For all the subjects, reliability and validity were calculated, but only for soccer players were sample differences between team positions analyzed.
Sit and Reach. Site description:
The test is conducted indoors or outside on the soccer court, with a static apparatus-sitand-reach box-supplied with a tape measure (Figure 1 ). 
Task:
The subject sits with legs together and extended in front of him, so that his feet (shoes off ) touch the first step. Both knees are held together and held flat on the floor. The scale (in centimeters) for measuring the distance is drawn on the first step. The end of the feet, that is, the beginning of the step represents the starting point of the scale, and it is regarded as point zero. All centimeters above zero are positive, whereas the ones below, toward the knees, are negative. The task is to perform the farthest possible front bend with arms extended, and hands on top of each other, palms facing downward. That position should be held for 2 seconds so that the distance can be measured. The test is performed 3 times (3 trials).
Goal: To execute the farthest possible front bend.
Recording of results:
The maximal reach distance is recorded in centimeters for all 3 trials.
Purpose: The purpose of this test is to assess the flexibility of the lower back and the corresponding girdle.
Back-against-the-Wall V-Seat and Reach Test. Site description:
The test is performed indoors or outside on the soccer court. Two straight 2-m-long lines are drawn on the floor in front of a wall at a 45°angle whose peak touches the wall. The tape measure is placed on the floor perpendicularly to the wall ( Figure 2) .
Task: The subject removes his shoes and sits on the floor with his legs on the measuring lines, his head and back pressed against the wall. The legs are straddled under the 45°a ngle. The hands are placed on top of each other, palms facing downward, in front of the player. During the exercise, the legs must remain extended on the floor. The task is to reach forward slowly as far as possible so that the fingers slide along the tape measure on the floor. The task is performed 3 times.
Recording of results:
The result is the maximal reach length measured from the starting position to the ultimate reach distance on the tape measure. The results for all 3 measurements are recorded in centimeters.
Purpose: To assess the flexibility of the lower back and the corresponding girdle.
Leg Lift from Supine Position. Site description: The test is conducted indoors or outside on the soccer court near a wall on which a scale in degrees has been drawn, with the accuracy of 65°. The scale stretches from 0°to 180°, so that the x-axis (abscissa) is 10 cm above the floor ( Figure 3) .
Task: The subject lies down in a supine position on the floor, parallel with the wall, in such a way that his right side touches the wall and that the superior part of his hip is at the same level with the line marking the 90°angle. The legs are held together and extended, while the hands touch the upper legs. The task is to raise slowly a fully extended right leg along the wall (as if performing a frontal leg lift in a standing position) as far as possible and to hold this extreme position for several seconds. The task is performed 3 times with short breaks between the trials.
Goal: To achieve the maximal possible leg lift from a supine position.
Recording of results: The test result is the angle between the subject's leg and the abscissa, and it is expressed in degrees. The results of all 3 trials are recorded.
Purpose: The test is used to assess the flexibility of the hamstring muscles.
Leg lift from supine position (LSP) test is measured with the left and right legs.
Backward Leg Lift from a Prone Position. Site description: The test is performed indoors or outside on the soccer court while lying near a wall, on which a 0-180°scale, with a 65°a ccuracy, has been drawn in such a way that the abscissa is drawn 10 cm above the floor ( Figure 4) . Task: The subject lies down in a prone position on the floor with his left side against the wall, in such a way that the superior part of his hip is at the same level with the ordinate that marks the 90°angle. The task is to raise a fully extended leg, the foot anteflexed and the toes pointed, along the wall as high as possible and to hold this extreme position for 3 seconds. During the task, the hips must not be lifted from the floor and the leg must not be bent at the knee. The task is performed 3 times with short breaks between the trials.
Goal: To maximally lift up the leg backward from the starting prone position.
Purpose: To assess the flexibility of the front part of the upper leg and of one part of the pelvic girdle.
Backward leg lift from a prone position (BLP) test is measured with the left and right legs.
Straddle in Supine Position. Site description: The test is performed indoors or outside on the soccer court on a mat on which a 0-90°scale has been drawn both to the left and to the right side ( Figure 5) .
Task: The subject lies down in a supine position on the mat in such a way that his legs and pelvis are kept on the mat on which the scale has been drawn. The body must be positioned in such a way that the line that divides the mat (containing the scale) into 2 equal parts is at the same level with the longitudinal axis of the subject's body. The subject's arms are spread laterally at shoulder level, and his legs are held together and extended. The subject straddles as much as possible and holds that position for 3 seconds. The task is performed 3 times with short breaks between the trials.
Goal: To achieve the maximal straddle in a supine position.
The result is the sum of angles expressed in degrees achieved by the subject in the maximal straddle with each leg. The results of all 3 trials are recorded.
Purpose: The test is used to assess the flexibility of the abductor and adductor muscles.
Lateral Leg Lift while Lying on the Side. Site description: The test is performed indoors near a wall on which the 0-180°s cale, with a 65°accuracy, has been drawn in such a way that the abscissa starts 10 cm above the floor (Figure 6 ). Task: The subject lies down on his left side, body facing the wall and against the wall in such a way that the line marking 90°is at the same level with the pelvis apexes. The head is placed on the left arm that is extended along the floor in line with the longitudinal axis of the body. The right arm is bent in front of the chest, breastbone-high, and the right forearm and hand are placed on the floor. From the starting position, the subject lifts his extended leg as far as possible. The task is performed 3 times with short breaks between the trials.
Goal: To achieve the maximal possible leg lift while lying on the side.
Recording of results: The test result is the angle between the lifted leg and the horizontal, and it is expressed in degrees. The results of all 3 trials are recorded.
Purpose: The test is used to assess the flexibility of the abductor and adductor muscles. Lateral leg lift while lying on the side (LLS) test is measured with the left and right legs.
Statistical Analyses
Standard statistical parameters (mean, SD, and range) were calculated for each trial of the mentioned flexibility tests. The Kolmogorov-Smirnov test was used for testing the normality of distribution, whereas the homogeneity of variance was tested by Leven's test. The statistical power and effect size were calculated using the GPOWER software (7, 8 ). An analysis of variance with repeated measures and the correction for sphericity were used to detect a possible systematic bias between the trials for each flexibility test. A Tukey post hoc test was used when appropriate. The average intertrial correlation coefficient (AVR), interclass correlation coefficient (ICC) (22), Cronbach's alpha reliability coefficients (a), and test-retest were used to determine the between-subject reliability of the flexibility tests. The withinsubject variation for all the tests was determined by calculating the coefficient of variation (CV) as outlined by Hopkins (16) . To determine the factor validity of new flexibility tests used in soccer, an intercorrelation matrix of 6 flexibility tests was factorized using a principle components factor analysis. The number of significant factors was determined by the Kaiser-Guttman criterion (16) (17) (18) 22) , which retains the principal components with eigenvalues of 1.0 or greater. The structure matrix was used to determine the factor validity. The factorial validity is 1 form of construct validity and was identified in the test showing the highest correlation with the extracted factor (18, 22) . The T-test for independent samples was used to determine the differences between the defenders, midfielders, and attackers in all 6 flexibility tests. The significance was set at p # 0.05. (Table 2) . A relatively small systematic increase in the average values was observed among the LLS trials. A significant difference (p , 0.05) was found among the means of the LLS and SSP tests. The post hoc Tukey analysis subsequently established the differences between the means for trials 1 and 3 in the LLSR, SAR and V-SAR tests. The reliability a coefficients of the mentioned flexibility tests that had been performed three times was very high and varied between 0.91 and 0.98. Of all flexibility tests the LLSR, SSP and SAR had the greatest reliability a (a = 0.982, 0.969 and 0.956). The SAR and V-SAR had the greatest AVR and ICC ( Table 2 ). The within-subjects variation ranged between 0.3 and 3.8%. The lowest value of CV was found between the LSPL and LSPR test. Low to moderate statistically significant correlation coefficients (Table 3) were found among all the measured flexibility tests. It was observed that the greatest correlation existed between the SAR and V-SAR (r = 0.65) as well as between the LLSR and LLSL (r = 0.65). A statistically significant correlation was also observed between the BLPL and BLPR (r = 0.92). The principal components factor analysis of six flexibility tests done on soccer players resulted in the extraction of three significant components. The first component explained 39.04%, the second 21.41% and the third 12.51% of the total variance of Table 5) .
The principal components factor analysis of nine flexibility tests done on team handball and basketball players sample also resulted in the extraction of 3 significant components. In the SSP statistically significant differences were determined between the defenders and midfielders (p , 0.05) as well as between the defenders and attackers (p , 0.05). The differences were found to exist in favor of the attackers and midfielders (Table 6 ). Significant differences were determined between the attackers and defenders in three flexibility tests -the SSP, LLSL and LLSR (p , 0.05). The differences were in favor of the attackers (Table 6 ).
DISCUSSION
Having taken into account the demands of flexibility tasks and the specifics of the population tested in the study, we can conclude that the variability was very low. The test-retest method showed that the results obtained for soccer, team handball and basketball players were reliable and that they ranged from 0.67 to 0.96. The testing of soccer players was done outdoors on a soccer pitch and for team handball and basketball players it was done indoors, so that it can be concludes that all six flexibility test were reliable regardless of the sport in question as well as regardless of whether the tests were conducted indoors or outdoors. There were small unsystematic variations in the average values of the trials of all flexibility tests. The results of the first trial in all flexibility tests were the smallest. In order to avoid the unnecessary repetitions, at least 1 maximal flexibility test trial should precede the testing. All flexibility tests had high VR, ICC and the ? reliability coefficient, the reliability values being the greatest in the SAR and SSP tests ( Table 2 ). The within-subject variations (CV) in all nine flexibility tests were acceptable. The CV values obtained in this were the lowest for the LSPL and LSPR study ( Table 2 ). The lower data variability of professional athletes can be explained as a logical consequence of the selection process. If we compare the correlation coefficients among all flexibility tests (Table  3) , we can observe that a higher relationship exists only in the tests with the same movement procedure used. Thus, it can be concluded that there is a specificity of the measurement among all the flexibility tests. The highest correlation values were identified between the SAR and V-SAR tests (r = 0.65), which was expected because both tests were carried out in a similar way. Three significant components were extracted. The first component explained 40.79%, the second 21.55% and the third 17.67% of the total variance of nine tests (Table  4) . Two significant principal components were interpretable. Four out of nine tests had the highest correlation with the first principal component (0.73-0.84). The first factor could be interpreted as a general flexibility factor. The V-SAR test showed the highest relationship with this factor. Due to the correlation between the test and the extracted flexibility factor, it was evident that the V-SAR test (r = 0.84) had the best factorial validity among all the analyzed flexibility tests. A similar but lower factorial validity was found for the SAR (r = 0.79), LSPL (r = 0.72) and LSPR (r = 0.73) test. The highest correlation of the SAR, V-SAR, LSPL and LSPR tests with the first factor (SAR, V-SAR, LSPL and LSPR) could be explained in such a way that for success in these tests the players need to have good flexibility of the hamstring muscles. The variables BLPL (r = 0.96), BLPR (r = 0.96) and SSP (r = 0.54) had the highest correlation with the second factor. The success in these tests which formed the second factor depended on the players' flexibility of the front part of the upper leg and of one part of the pelvic girdle. The third factor was formed by only two tests -LLSL and LLSR -the tests which were used to assess the flexibility of the abductor and adductor muscles, so that this factor could not be interpreted since the three high (more than 0.65) correlations with the factor prerequisite was not fulfilled (18) . Three out of six flexibility tests were executed both with the left and with the right leg, so that the total number of variables in the analysis was nine. Flexibility tests done on handball and basketball players also resulted in the extraction of 3 significant components which were similar in their factorial structure. We can conclude that the results gained in the nine flexibility tests for the team handball and basketball subsamples were also reliable and valid.
When using the tests to evaluate the athletes' flexibility, it is important to be aware of the complexity of this motor ability (6, 11, 12, 14, 21) . Specific role of the players on the team can influence the player's flexibility. Because of their specific role in the team, the midfielders have to run backwards quite often (24) . Having had to adapt to a specific position task, they were more successful in the SAR than the players in other positions (defenders and attackers). Other statistically significant differences were determined between the midfielders and attackers in the LSPL test (Table 5) . These results were expected because the attackers perform a larger number of high intensity sprints and perform more kicks than midfielders. In a realistic game situation where the players have to change direction every 2-4 seconds (24) and make 1,200-1,400 changes (2) flexibility is very important in the process of preventing an injury. The midfielders make the most changes of direction during a game (24) . This is one of the reasons why midfielders perform better than attackers and defenders in test LSPR (Table 5 ). Because they have a specific role in the team just like the defenders, they proved to be more successful in the tasks that require flexibility of the hamstring muscles. Also in the tests that are used to assess the flexibility of the abductor and adductor muscles SSP, LLSL, and LLSR the attackers were more successful than defenders. The lowest values in these tests had the defenders in comparison with the midfielders. In all 3 tests (SSP, LLSL, and LLSR), we found statistically significant differences between the attackers and defenders. It can be concluded that because of the specific game tasks of the defenders, they have an insufficient level of flexibility of the abductor and adductor muscles. Defenders are the players in the team which cover the least distance during a game of soccer than the attackers and midfielders (3) .
It can be concluded that out of the 9 flexibility tests used in this study, the SAR, V-SAR, and SSP tests are the most reliable and valid for estimating the flexibility of soccer players. In the authors' opinion, all 9 flexibility tests (SAR, V-SAR, LLSL, LLSR, SSP, BLPR, BLPL, LSPR, and LSPL) should be used as standard battery tests to evaluate the flexibility of soccer players when it comes to flexibility of the lower back, hamstrings, flexibility of the front part of the upper leg and of one part of the pelvic girdle and flexibility of the abductor and adductor muscles. These tests can be used in other team sports, such as handball and basketball to measure flexibility of the players.
PRACTICAL APPLICATIONS
Flexibility is one of the main determinants of performance in team sports. By working on flexibility and improving balance and coordination, soccer players will be able to move faster and change direction more quickly while maintaining control. Some objectives of flexibility training are enhanced balance, coordination, and injury prevention. The results of this study have the following implications for the assessment of flexibility in soccer: (a) All flexibility tests used in this study have acceptable between-and within-subject reliabilities, and they can be used to estimate the flexibility of soccer players. 
